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Abstract: This study sought to determine the effect and explore the mechanism of the Chinese medicinal compound 
preparation Diwu Yanggan (DWYG) capsule on the occurrence and development of liver cancer using the Solt-
Farber rat model. Sprague-Dawley rats were randomly distributed into a normal group, sham group, DWYG group, 
sorafenib group, and model group. The DWYG group and sorafenib group were given DWYG capsule and sorafenib 
tablet, respectively, with induction of the model. Hematoxylin-eosin (HE) staining was used to detect liver pathologi-
cal changes. The content of nuclear DNA in the liver was detected by Feulgen staining, and the expression of PCNA 
was detected by immunohistochemical staining. Molecular biology methods were used to detect the expression of 
liver regeneration-related factors and Ras/Raf/Mek/Erk signaling pathway-related proteins and mRNAs. HE staining 
showed that compared with those in the model group, the liver pathological changes in the DWYG group were sig-
nificantly reduced (P < 0.05). The nuclear DNA content in the liver based on Feulgen staining and the expression of 
PCNA in the DWYG group was lower than that in the model group (P < 0.05). The expression of regeneration-related 
factors and Ras/Raf/Mek/Erk signaling pathway-related proteins and mRNAs was significantly lower in the DWYG 
group than in the model group (P < 0.05). In conclusion, DWYG capsules to some degree inhibit the occurrence and 
development of liver cancer in the Solt-Farber rat model, and the effect is not inferior to that of sorafenib. DWYG 
capsules likely delay the occurrence and development of liver cancer and improve the liver regeneration microenvi-
ronment by regulating the Ras/Raf/Mek/Erk signaling pathway and regeneration-related factors.
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Introduction

Primary liver cancer is recognized as a major 
and difficult disease worldwide because of its 
occult pathogenesis, high morbidity, high mor-
tality, high annual growth rate and high recur-
rence rate. At present, the pathogenesis of liver 
cancer is not fully clear, and prevention and 
control measures are very limited [1-4]. Surgical 
resection and liver transplantation are the pri-
mary methods of treatment for liver cancer 
patients, but their application is limited [5, 6], 
and the long-term survival after surgical resec-
tion remains low [7, 8], which may be related to 

the effect of the formed liver regeneration mi- 
croenvironment on inducing residual cancer to 
disseminate and recur after surgical resection 
[9-11].

In recent years, an increasing number of reports 
have indicated and recognized the important 
role of the liver cancer microenvironment in the 
development and progression of liver cancer, 
and the concept of prevention and treatment of 
liver cancer is undergoing significant changes 
[12]. Therefore, the prevention and treatment 
of liver cancer by regulating the liver regenera-
tion microenvironment may be a novel thera-
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peutic strategy [13, 14]. Our previous study  
has shown that the Chinese medicinal com-
pound preparation Diwu Yanggan (DWYG) cap-
sule could improve the liver tissue response 
rate of HBeAg-negative chronic hepatitis B and 
delay, prevent, or even reverse the progression 
of liver fibrosis. The results of a previous ran-
domized controlled trial (RCT) has shown that 
DWYG capsule can significantly reduce the inci-
dence of liver cirrhosis in patients with HBeAg-
negative chronic hepatitis B and the risk of liver 
cancer [15]. By using the classic animal model 
of hepatic fibrosis induced by carbon tetrachlo-
ride and creating a model of monosodium L-glu- 
tamate (MSG) rat liver fibrosis induced by car-
bon tetrachloride, we found that DWYG exerts 
an antifibrotic effect likely by inhibiting the ex- 
cessive activation of the Hh signaling pathway 
in the liver to regulate the imbalance between 
epithelial-mesenchymal transition (EMT) and 
mesenchymal-epithelial transition (MET) [16]. 
Other studies have shown that the DWYG cap-
sule has an effect on preventing and treating 
liver cancer by affecting liver inflammatory da- 
mage, regulating immunity, improving the liver 
regeneration microenvironment, and regulating 
the Hh signaling pathway [16, 17].

In this study, the Solt-Farber rat model was 
used to determine the effect of the DWYG cap-
sule on the occurrence and development of 
liver cancer and to explore its mechanisms on 
the development and progression of liver can-
cer via the regulation of the Ras/Raf/Mek/ex- 
tracellular signal‑regulated kinase (ERK) signal-
ing pathway to improve the liver regeneration 
microenvironment.

Materials and methods

Materials

2-Acetylaminofluorene (2-AAF) and N-nitrosodi- 
ethylamine (DEN) were purchased from Sigma-
Aldrich (Saint Louis, MO, USA). Sorafenib tosyl-
ate tablets (trade name: Nexavar) were purch- 
ased from Bayer Schering Pharma AG (Berlin, 
Germany).

DWYG is a new drug authorized by the Hubei 
Food and Drug Administration (Grant No. Z20- 
113160). The mixture includes five Chinese 
medicinal herbal extracts, whose proportions 
(w/w) are as follows: Rehmannia glutinosa 
(Gaertn.) DC. 20.0%; Artemisia scoparia Wald- 
st. & Kitam. 33.3%; Curcuma longa L. 13.4%; 

Schisandra chinensis (Turcz.) Baill. 20.0%; and 
Glycyrrhiza uralensis Fisch. 13.4%. The DWYG 
capsules used in this study were provided by 
Traditional Chinese Medicine Preparation Ro- 
om of Hubei Provincial Hospital of Traditional 
Chinese Medicine.

Animal model

Male Sprague-Dawley rats (SPF class, weighing 
150-200 g) were purchased from Hubei Provin- 
ce Experimental Animal Research Center. All 
rats were housed with a 12-h light-dark cycle 
and with water and standard chow ad libitum. 

The rats were randomly divided into five treat-
ment groups including the normal group (N = 
16), sham-operated group (sham group; N = 
16), DWYG group (N = 16), sorafenib group (N = 
16), and model group (N = 16). The liver cancer 
rat model was modified from previous reports 
[18]. In the sham group, the rat abdomens were 
opened, but no partial hepatectomy (PH) was 
performed. In the model, sorafenib and DWYG 
groups, the rats were treated with a one-time 
intraperitoneal injection of DEN (50 mg/kg),  
followed by PH at the end of the third week. 
Next, the three groups were orally administer- 
ed 15 mg/kg 2-AAF once a day for 16 weeks. 
Meanwhile, the sham and normal groups were 
orally administered distilled water (10 ml/kg) 
once a day for 6 weeks, while the rats in the 
sorafenib and DWYG groups were orally admin-
istered sorafenib (80 mg/kg) and DWYG (750 
mg/kg), respectively, once a day for 6 weeks. 
All rats were sacrificed, and liver pieces were 
fixed in 10% neutral buffered formalin or snap 
frozen in liquid nitrogen for further analyses. 

Liver histology 

Liver tissue samples from the different treat-
ment groups were fixed in 10% neutral buffer- 
ed formalin, paraffin-embedded, and sectioned 
at 5-μm thickness. For standard histology, liver 
sections were stained with hematoxylin-eosin 
(HE). Histological observations were performed 
using light microscopy.

Feulgen stain

Dewaxed tissue slices were subjected to warm 
(60°C) hydrochloric acid and then to Schiff’s 
reagent, followed by rinsing with distilled water 
after sulfurous acid, dehydrating, and sealing. 
The slices were observed by light microscopy 
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(Nikon, Kyoto, Japan), and 3 visual fields were 
randomly chosen from each slice. The integral 
optical density (IOD) was analyzed with Image-
Pro Plus 6.0 software (Media Cybernetics, 
USA).

Immunohistochemistry

Liver tissue sections were deparaffinized in xy- 
lene, rehydrated through graded ethanol and 
then boiled for 30 min in citrate buffer (10  
mM, pH 6.0) for antigen retrieval. Endogenous 
peroxidase activity was inhibited by 3% hydro-
gen peroxide for 30 min; samples were then 
blocked with 5% bovine serum albumin (BSA; 
Boster Biological Technology, China) and incu-
bated with diluted primary antibody against 
proliferating cell nuclear antigen (PCNA) (Santa 
Cruz, USA) for 12 h at 4°C followed by second-
ary antibody (Santa Cruz, USA) for 20 min at 
37°C. Finally, the slides were visualized with 
3,3’-diaminobenzidine (DAB; Boster Biological 

Technology, China) and counterstained with 
hematoxylin for microscopic observation. The 
mean optical density (OD) was analyzed with 
Image-Pro Plus 6.0 software.

Western blotting 

Liver tissues were lysed in RIPA buffer supple-
mented with PMSF. Equal amounts of proteins 
were loaded and resolved on a 10% SDS-PAGE 
gel. The proteins were then transferred to poly-
vinylidene fluoride membranes. The membran- 
es were blocked with 5% nonfat milk and pro- 
bed with primary anti-Raf-1, anti-MEK1, anti-
ERK1, anti-vascular endothelial growth factor 
(VEGF), and anti-transforming growth factor 
(TGF)-α antibodies (Santa Cruz Biotechnology, 
USA). Following incubation with secondary anti-
bodies (Santa Cruz Biotechnology, USA), the 
signals were visualized using a Bio-Rad Univer- 
sal Hood Molecular Gel Imaging System (Bio-
Rad, USA).

Table 1. Primer sequences
Gene Forward sequence (5’→3’) Reverse sequence (5’→3’) Product size (bp)
H-ras CCATCAGTACAGGGAGCAGA CGGGTCTTGGCTGATGTTTC 168
Raf-1 AGCAATGGTTTCGGACTCAA GCTTTCATAAGGCAGTCGTG 221
MEK1 GTCCTACATGTCGCCTGAGA GAGGTCGGCTATCCATTCCA 239
ERK1 GGCTTTCTGACCGAGTATGTG TTTAGGTCCTCTTGGGATGG 215
VEGF CGTCTACCAGCGCAGCTATTG CTCCAGGGCTTCATCATTGC 145
TGF-α GCCCTGGCTGTCCTCATTATC AGCAGGCAGTCCTTCCTTTCA 133
GAPDH TGTTGCCATCAACGACCCCTT CTCCACGACATACTCAGCA 202

Figure 1. DWYG treatment inhibited tissue damage in the livers of Solt-Farber model rats. Normal SD rats (nor-
mal group), sham-operated rats (sham group), and model rats were orally administered distilled water, while the 
sorafenib group and DWYG group were orally administered sorafenib tablets (80 mg/kg) and DWYG capsules (750 
mg/kg), respectively. Paraffin liver sections were dewaxed and rehydrated, and the sections were stained with 
hematoxylin-eosin. A. Liver images of the different groups. B. HE staining in the livers of different groups (100×).
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RNA isolation and quantitative real-time RT-
PCR 

Total RNA was isolated from liver tissues by 
TRIzol reagent (Invitrogen, USA) according to 
the manufacturer’s instructions. The first cDNA 
strand was synthesized using a ReverTra Ace 
qPCR RT Kit (Toyobo, Japan) and then amplified 
using THUNDERBIRD SYBR qPCR Mix (Toyobo, 
Japan) and specific primers on an ABI ViiATM 7 
System (ABI, USA). The mRNA expression was 
normalized to the endogenous ‘housekeeping’ 
gene GAPDH. The primers were produced by 
Invitrogen. The sequences of specific primers 
are listed in Table 1.

Statistical analysis

Data analysis was performed using SPSS 19.0 
software (IBM Corp, USA). Data are shown as 
the mean ± standard deviation (SD). One-way 
ANOVA was performed to compare the differ-
ences between more than two groups. A prob-

ability value < 0.05 was considered to be statis-
tically significant.

Results

DWYG treatment alleviates the degree of path-
ological changes in the Solt-Farber rat model 

Gross morphology of the rat livers was visually 
observed, as shown in Figure 1A. The HE stain-
ing results (Figure 1B) showed no obvious le- 
sions in the liver tissues of the normal and 
sham groups, and the morphology of liver tis-
sues was normal. However, a series of patho-
logical changes in liver tissues, such as hepa- 
tic cell cord disorder, abnormal cell morpholo-
gy, increased nuclear and cytoplasmic content, 
deep nuclear staining, nuclear heterogeneity 
and inflammatory cell infiltration, were obser- 
ved in the model group. Compared with those  
in the model group, the above pathological ch- 
anges were obviously alleviated in the sorafe- 
nib and DWYG groups.

Figure 2. DWYG treatment affected the proliferation of liver cancer cells. A. Feulgen staining (100×); B. IOD values 
of the nuclear DNA in liver cells detected by Feulgen staining. *P < 0.05 vs the normal and sham groups, #P < 0.05 
vs the model group. C. PCNA expression by immunohistochemical staining (100×). D. OD values of PCNA in the dif-
ferent treatment groups. Model: rats received a PH/2-AAF induction; Sorafenib: rats received a PH/2-AAF induction 
and sorafenib tablets at 80 mg/kg; DWYG: rats received a PH/2-AAF induction and DWYG capsules at 750 mg/kg; 
Sham: rats received a sham-operate but no PH/2-AAF induction; Normal: rats received no PH/2-AAF induction. *P 
< 0.05 vs the normal and sham groups, #P < 0.05 vs the model group.
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DWYG treatment inhibits the proliferation of 
liver cancer cells 

Feulgen staining showed that the nuclear DNA 
was purple red, and the cytoplasm and other 
components were pale green (Figure 2A). The 
IOD value of the model group was significantly 
higher than that of the normal group and the 
sham group (P < 0.05). Compared with that of 
the model group, the IOD value of the DWYG 
group and sorafenib group was decreased (P < 
0.05). Additionally, the IOD value of the DWYG 
group was lower than that of the sorafenib 
group (P < 0.05) (Figure 2B).

Immunohistochemical staining for PCNA show- 
ed that the OD value of the model group was 
significantly higher than that of the normal 
group (P < 0.05) (Figure 2C, 2D). Compared 
with those of the model group, the OD values  
of the DWYG group and sorafenib group were 
decreased (P < 0.05). However, there was no 
significant difference between the DWYG and 
sorafenib groups.

DWYG treatment improves the liver regen-
eration microenvironment by regulating liver 
regeneration-related factors

Chronic inflammation and injury produce a 
large number of cytokines in the process of 
regeneration and healing. VEGF and TGF-α are 

not only related to liver regeneration but also 
closely related to the initiation and develop-
ment of liver cancer. Moreover, VEGF and TGF-α 
also play an important role in activating the 
Ras/Raf/Mek/Erk pathway. The results showed 
that the mRNA expression of VEGF and TGF-α in 
the model group increased significantly, where-
as the mRNA expression of VEGF and TGF-α 
was lower in the group treated with DWYG cap-
sule than in the model group (Figure 3; P < 
0.05). There was no significant difference be- 
tween the DWYG groups and the sorafenib 
group. The mRNA results were consistent with 
the protein expression data (Figure 4). The re- 
sults suggest that DWYG capsule can regulate 
the abnormal increase of liver regeneration-
related factors to improve the liver regenera-
tion microenvironment.

DWYG treatment inhibits the occurrence and 
development of liver cancer by regulating the 
Ras/Raf/Mek/Erk signaling pathway

The potential effects of DWYG on the expres-
sion levels of Ras/Raf/Mek/Erk signaling path-
way-related factors in the liver cancer rat mo- 
del were assessed by quantitative real-time 
RT-PCR and Western blotting. As indicated in 
Figures 3 and 4, compared with those in the 
normal and sham groups, Raf-1, Mek1, Erk1 
mRNA and protein levels were increased in the 

Figure 3. DWYG treatment affected the expression 
of mRNAs related to the Ras/Raf/Mek/Erk signaling 
pathway in the Solt-Farber model rats. A. The mRNA ex-
pression levels of Raf-1 in the liver tissues of different 
treated group were detected by quantitative real-time 
RT-PCR. Delta-delta-CT was calculated as described in 
Materials and methods, considering GAPDH as internal 
control. B. The mRNA expression levels of Mek1. C. The 
mRNA expression levels of Erk1. Data represent the 
means and standard deviation. *P < 0.05 vs the nor-
mal and sham groups. #P < 0.05 vs the model group.
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model group. Western blotting revealed that 
changes in mRNA expression of the above mol-
ecules were accompanied by changes in pro-
tein expression, confirming that the Ras/Raf/
Mek/Erk signaling pathway was activated dur-
ing the evolution of liver cancer. 

As shown in Figure 5, compared with that in the 
model group, the expression of Raf-1, Mek1 
and Erk1 mRNA was reduced in the DWYG 
group (P < 0.05). Consistent changes were ob- 
served in protein expression (Figure 6). How- 
ever, there was no significant difference in the 
mRNA and protein expression of Mek1, Raf-1 
and Erk1 between the DWYG and sorafenib 
groups (P > 0.05). These findings suggested 
that DWYG treatment could inhibit the exces-
sive activation of the Ras/Raf/Mek/Erk signal-
ing pathway in the Solt-Farber rat model.

Discussion

The occurrence and development of liver can-
cer is essentially one of the serious outcomes 
of uncontrolled liver regeneration. Liver cancer 

progression is closely related to the abnormal 
liver regeneration microenvironment. Liver re- 
generation is an inevitable repair mechanism 
after liver injury. The abnormal liver regenera-
tion microenvironment is one of the important 
conditions for the occurrence and development 
of liver cancer. Based on the study of regulat- 
ion of the liver regeneration microenvironment 
in liver cancer, we proposed a new strategy to 
control the occurrence and development of 
liver cancer by modulating liver regeneration 
[13, 17, 19-22]. 

In a previous study, the 2-AAF/PH rat model of 
hepatic precancerous lesion was established 
to investigate the effects of the DWYG capsule 
on the occurrence and development of liver 
cancer. Using this model, we found that DWYG 
can improve the survival rate of the rats, pro-
mote the regeneration of hepatic oval cells 
(HOCs), inhibit hepatic precancerous lesion for-
mation and restore the structure and function 
of the liver. The related mechanism may be the 
promotion of the proliferation and differentia-

Figure 4. DWYG treatment affected the expression of proteins related to the Ras/Raf/Mek/Erk signaling pathway 
in the Solt-Farber model rats. A. Protein expression levels of Raf-1, Mek1 and Erk1 in liver tissues of the different 
treatment groups analyzed by Western blotting. Anti-β-actin blotting was used to control for equal protein loading. 
B-D. Relative quantifications of protein levels of Raf-1, Mek1, and Erk1 are shown in the different treatment groups. 
*P < 0.05 vs the normal and sham groups. #P < 0.05 vs the model group.
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tion of bone marrow stem cells (BMSCs) and 
HOCs in the early and intermediate stages 
(8-14 days after hepatectomy) by DWYG, which 
favors liver regeneration and repair. In the late 
stage (17-22 days after hepatectomy), DWYG 
can inhibit the overproliferation and abnormal 
differentiation of HOCs, which can promote the 
prevention and treatment of liver cancer [23]. 
DWYG can likely inhibit HOC proliferation and 
abnormal differentiation by inhibiting the over-
activation of the Wnt/β-catenin pathway. Fur- 
thermore, DWYG can regulate the expression  

of liver regeneration-related cytokines (TNF-α, 
IL-1, GRO/KC, vascular endothelial growth fac-
tor (VEGF), IFN-γ) in the Solt-Farber rat model, 
improving the liver regeneration microenviron-
ment and preventing and ameliorating the oc- 
currence and development of hepatic precan-
cerous lesions [13, 14]. 

In this study, HE staining showed that the pa- 
thological changes in rats in the model group 
were more obvious than those in the DWYG 
group, indicating that DWYG decreased the 

Figure 5. DWYG treatment regulated the mRNAs expression of liver regeneration-related factors. A. The mRNA ex-
pression levels of VEGF in the different treatment groups were detected by quantitative real-time RT-PCR. Delta-del-
ta-CT was calculated as described in Materials and methods, considering GAPDH as internal control. B. The mRNA 
expression levels of TGF-α the different treatment groups. Model: rats received a PH/2-AAF induction; Sorafenib: 
rats received a PH/2-AAF induction and sorafenib tablets at 80 mg/kg; DWYG: rats received a PH/2-AAF induction 
and DWYG capsules at 750 mg/kg; Sham: rats received a sham-operate but no PH/2-AAF induction; Normal: rats 
received no PH/2-AAF induction. Data represent the means and standard deviation. *P < 0.05 vs the normal and 
sham groups. #P < 0.05 vs the model group.

Figure 6. DWYG treatment regulated the proteins expression of liver regeneration-related factors. A. Relative pro-
teins expression levels of VEGF in the different treatment groups. Anti-β-actin blotting was used to control for equal 
protein loading. B. Relative proteins expression levels of TGF-α in the different treatment groups. *P < 0.05 vs the 
normal and sham groups. #P < 0.05 vs the model group.
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degree of lesion formation and delayed the pro-
gression of liver cancer. The proliferation of 
cancer cells is proportional to the content of 
DNA in the nucleus. The higher the DNA con-
tent, the more cells proliferate, the more abun-
dant the genetic material and the higher the 
degree of malignancy. PCNA, which is expressed 
only in normal proliferating cells and tumor 
cells, changes in amount with DNA synthesis 
and cell proliferation. The results showed that 
DWYG treatment can downregulate the expres-
sion of PCNA, consistent with the results of 
Feulgen staining. These results indicated that 
DWYG treatment inhibited the proliferation of 
liver cancer cells, thereby delaying the progres-
sion of liver cancer.

Liver regeneration during chronic liver diseases 
is often disturbed by various factors. Thus, the 
organ cannot be completely regenerated or 
repaired, thereby forming an abnormal liver 
regeneration microenvironment (with inflam-
mation-induced fibrosis, the disorder of cyto-
kine network, etc.). The deterioration of the 
liver regeneration microenvironment provides 
the necessary conditions for liver cancer initia-
tion and progression [24]. The liver regenera-
tion microenvironment is a complex system 
that can be regulated by a variety of cytokines 
and signal pathways, including the Ras/Raf/
Mek/Erk signaling pathway. The Ras/Raf/Mek/
Erk signaling pathway is a classical form of  
the MAPK pathway, which is continuously acti-
vated in liver cancer and regulates cell prolifer-
ation, differentiation, apoptosis and angiogen-
esis [25]. A large number of studies have shown 
that liver cancer occurrence is associated with 
abnormal activation of the Ras/Raf/MEK/ERK 
signaling pathway [26-29]. In addition, many 
upstream growth factors in liver cancer, such 
as VEGF and TGF-α, activate the Ras/Raf/
MEK/ERK pathway, which can contribute to the 
occurrence, development and metastasis of 
liver cancer [30]. 

The results of this study showed that DWYG 
treatment could improve the liver regeneration 
microenvironment by regulating the RAF/MEK/
ERK pathway, thereby inhibiting the occurrence 
and development of liver cancer. Furthermore, 
we used sorafenib as a control drug and found 
that sorafenib has some inhibitory effect on 
tumor development, but its long-term use can 
lead to a toxicity. In contrast, long-term DWYG 
use can improve the in vivo environment and 
liver regeneration microenvironment without 

obvious adverse reactions, thereby contribut-
ing to the prevention and treatment of liver 
cancer. 
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